This article presents results from a performance evaluation of 73 full-scale primary facultative ponds and 37 secondary facultative ponds in Brazil. The data were used to test the applicability of some classical design equations for recommended surface BOD loading rates. and hydraulic retention time (HRT) on the performance of the ponds. The results showed that the design equations proposed by Mara showed good applicability for primary facultative ponds, representing good indicators of the limit value of loading rates to be applied on the units.
INTRODUCTION
Most waste stabilisation pond (WSP) systems are comprised by anaerobic, facultative and, in some cases, maturation ponds. Anaerobic ponds are applied in many situations, but in other cases the influent wastewater goes directly to the facultative ponds. Facultative ponds that receive raw sewage are termed primary ponds, and those that receive the effluent from an anaerobic pond are named secondary ponds.
WSP are applied worldwide, but they particularly suited to tropical and subtropical countries, since sunlight and ambient temperature are key factors in their process performance. Basically, the biological process consists of retaining the wastewater for periods long enough so that the natural organic matter stabilisation processes take place. A series of mechanisms contribute to the purification of the wastewater, as a result of the complex mutualistic relationship of bacteria and algae. The oxidation of organic matter is accomplished by bacteria in the presence of dissolved oxygen, which is mainly supplied by algal photosynthesis (Mara 2003; Peñ a & Mara 2004; von Sperling & Chernicharo 2005; Curtis & Mara 2006) . This balance between oxygen production and consumption is likely to influence pond performance.
In order to allow this balance, facultative ponds are designed for BOD removal on the basis of a specified surface organic loading. If they are properly designed and not significantly overloaded the systems can work well, achieving up to around 80% BOD removal and 50-80 mg L 21 of effluent BOD concentration (von Sperling of these models relate pond loading to temperature or to BOD removal (McGarry & Pescod 1970; Mara 1976; Arthur 1983; Mara 1987; Ellis & Rodrigues 1995) .
The operational records gathered from 73 full-scale primary facultative ponds and 37 secondary facultative ponds in Brazil were used to check the applicability of some of these design equations and, also, to verify the existence of a relationship between design/operational parameters and the performance of the ponds.
METHODS
The data used have been obtained directly from the T mean air temperature of the coldest month (8C) Equation (3), proposed by Mara (1976) , is based on the mean air temperature:
where T mean air temperature (8C)
The loading and hydraulic operating conditions were also evaluated to support the analysis of the influence of the parameters surface BOD loading (L s ) and hydraulic retention time (HRT) on the performance of the ponds. The plot of the recommended surface loading rate as a function of temperature, as indicated by Equations (1)- (3), is found in many textbooks on stabilisation ponds design. (1) and (3), and naturally lower than those obtained from Equation (2) (1) and (3), respectively. Considering Equation (2) (envelope of failure), 93% of the surface loading rates applied were below the maximum recommended. The values of the observed surface loading rate from secondary facultative ponds that presented the best These findings suggest that the literature design equations are more applicable for primary facultative ponds, and represent good indicators of the limit value of loading rates to be applied on ponds, above which a good performance cannot be guaranteed. The secondary facultative ponds showed good and poor performances for all loading rates and the best ponds, in general, are not those which follow the design recommendation.
RESULTS
However, the validity of the design Equations (1) evidences to suggest that the L s in secondary facultative ponds could be higher than those adopted for primary ponds. However, Mara et al. (1992) suggest that, for design purposes, it is better to consider both as being equal for safety reasons. in general, were not those which follow the literature design equations recommendation for loading rates. † In general, the influence of the loading conditions on the ponds performance was very small and scattered in all the ponds. The contribution and influence of each variable seemed to differ from one system to another, and this seems to be a combination of design and operational aspects, such as the level of process control, attention to operational and maintenance requirements, sludge accumulation, hydraulic factors and others.
